Abstract The present study makes an attempt to prioritize sub-watersheds based on Snyder's synthetic unit hydrograph method. Snyder's method of synthetic unit hydrograph calculates peak discharge and lag time of the unit hydrograph for each sub-watersheds. Compound values of ranking are calculated from assigned rankings to parameters, viz. peak discharge and lag time. Depending on the range of the compound values sub-watersheds are classified as high, medium and low soil-erosive subwatersheds. The priorities obtained from Snyder's synthetic unit hydrograph method are compared with the methods of morphometric analysis and land use/land cover analysis. On comparison of priorities for Dangri River watershed, Panchkula District, Haryana (India), among the three methods it was found that the sub-watershed (SW1) has the same priority. Among all the three methods, Snyder's synthetic unit hydrograph is a better method, as it is easier to use and less data intensive.
Introduction
The sustainable management of fresh water is a major challenge of the twenty-first century. To conserve the existing status of water resources and cope with the increasing demand of water of the rapidly growing population of the country, as well as the problems that are likely to arise in future, a holistic, well-planned long-term strategy is needed for sustainable water resources management. For proper planning and management of natural resources, it is necessary to understand the hydrological behavior of watershed. However, soil degradation in the watershed of the river system generates several problems. The severity is more pronounced in remote areas. Soil degradation ultimately affects river water quantity and quality as well as induces many associated problems such as flooding, submergence of land and aquatic life disturbance. So, management of soil degradation is very necessary to keep the river system healthy. Geomorphologic studies play an important role in predicting the hydrological behavior of watersheds. The morphometric analysis of a drainage basin and its stream system can be better achieved through measurement of linear and shape aspects of drainage network and contributing ground slopes. Morphometric analysis could be used for prioritization of sub-watersheds by computing linear and shape parameters (Biswas et al. 1999) . Several studies in the recent past have been done on prioritization of watersheds (Aher et al. 2013; Allen et al. 2001; Arun et al. 2005; Bera and Bandyopadhyay 2013; Javed et al. 2009; Katiyar et al. 2006; Khan et al. 2001; Martin and Saha 2007; NookaRatnam et al. 2005; Rashid and Sahu 2014; Reddy et al. 2004; Shrimali et al. 2001; Singh et al. 2014; Suresh et al. 2004; Thakkar and Dhiman 2007; Tripathi et al. 2013; Vittala et al. 2008) . For assessment of erosion, several empirical models based on the geomorphological parameter were developed in the past for quantifying the sediment yield (Chowdary et al. 2013; Jose and Das 1982; Misra et al. 1984) . Chaudhary and Sharma (1998) performed erosion hazard assessment and prioritization based on morphometric parameters. Several empirical methods such as sediment yield index method proposed by Lu et al. (2003) and Universal Soil Loss Equation (USLE) given by Wischmeier and Smith (1978) are extensively used in the prioritization of watersheds. Garde and Kothari (1987) developed an empirical relationship involving catchment area, catchment slope, drainage density vegetation cover factor and annual precipitation for average annual sediment yield estimation using the data of 50 catchments located in the plain region of India. Pandey et al. (2007) divided the Karso watershed of Hazariabagh, Jharkhand State, India, into 200 9 200 m grid cells and average annual sediment yields were estimated for each cell of the watershed to identity the critically prone areas of watershed. Recent studies (Pandey et al. 2007; Yoshino and Ishioka 2005; Sharma et al. 2001; Khan et al. 2001; Sidhu et al. 1998) revealed that remote sensing (RS) and geographic information system (GIS) techniques are of great use in characterization and prioritization of watershed areas using land use/land cover methods (Kulkarni et al. 2014; Waikar and Nilawar 2014; Warrier and Manjula 2014) . Conventional method to drive morphological parameters is expensive, time consuming and more prone to error. Use of land use/land cover method is often severely limited by the lack of adequate data, particularly in developing nations.
Study area
Dangri River watershed is situated in Raipur Rani block of Panchkula District in Haryana (India), covers an area of 114.12 km 2 and is bound between 76°96 to 77°65 longitude and 30°55 to 30°7 latitude. The maximum and minimum elevations encountered in the watershed are 1206 and 463 m above mean sea level. The River Dangri rises in the lower Shivalik at the foothills of the Himalayas and joins River Ghaggar. River Ghaggar disappears in the desert of Rajasthan after a run of about 280 km. The main hydrogeomorphic units found in the study area are alluvial plain, flood plain, denudational hill, piedmont zone, intermountain valley and structural hill. Excellent to good groundwater prospect zones cover about 40 % area of the district, whereas the rest of the area is constituted by denudational and structural hills that have moderate to poor and nil prospects. Figure 1 shows the location map of the study area.
Data used
Survey of India toposheets bearing numbers 53F/2 and 53B/14 on 1:50,000 scale were used for preparation of the base map. Standard geocoded false color composite of the Indian remote sensing satellite (IRS-1C) LISS III (PathRow 096-055) having spatial resolution 23.5 m was procured from the National Remote Sensing Centre (NRSC), Hyderabad. Besides, secondary information/data were collected from Javed et al. (2009) , Thakkar and Dhiman (2007) and Biswas et al. (1999) . Limited ground truth verification was carried out in some areas of the watershed.
Materials and methods
Open series maps of toposheets on 1:50,000 scale of the study area were acquired from Survey of India, scanned and mosaicked for the purpose of geo-referencing and delineation. Digitization work was carried out for the entire watershed using GIS software (Arc GIS 9.2). The Dangri watershed was further subdivided into six subwatersheds on the basis of drainage flow direction, slope, relief and elevation. The sub-watersheds are designated as SW1-SW6, the smallest being SW3 covering 7.2 km 2 area, whereas the largest covers 42.76 km 2 area. The order was given to each stream by following Strahler (1964) stream order technique, i.e., two first-order streams join to make a second order. Two second-order streams join to make a third order and so on. The attributes were assigned to create the digital database for drainage layer of the river basin. The map showing the drainage pattern in the study area ( Fig. 2 ) was prepared. The Dangri watershed has been divided into six sub-watersheds and details of each sub-watershed are given in Table 1 . The study area shows dendritic to subdendritic drainage pattern and parallel to subparallel pattern was also found in some areas.
Snyder's method of synthetic unit hydrograph Synthetic unit hydrographs are derived for ungauged watershed by computing various coefficients based on the physical features of the watershed. The synthetic unit hydrographs are developed on the basis of known physical characteristics of gauged watershed which is identical hydrologically and meteorologically to the watershed whose rainfall and runoff data are not available. Snyder (1938) developed a set of empirical relations on the basis of a large number of hydrographs resulting from several watersheds ranging from 25 to 2500 km 2 in size. To derive the synthetic unit hydrograph for the watershed, the data such as area (A), longest length of stream flow path (L) and length along the main stream from the gauging station to a point opposite the center of gravity of the watershed (L ca ) are determined. The empirical relations of lag time and peak flow rate are given in Table 2 .
Method of morphometric analysis
Various morphometric parameters such as linear and shape aspects of the drainage network, viz. stream order (N u ), bifurcation ratio (R b ), stream length (L u ) and areal aspects of the drainage basin, including drainage density (D d ), stream frequency (D f ), texture ratio (T), elongation ratio (R e ), circulatory ratio (R c ) and form factor ratio (R f ) of the basin were computed as given in Table 3 .
Method of land use/land cover
The LAND-SAT ETM map images for the study area were downloaded from http://www.glcf.umiacs.umd.edu. The images were used to prepare land use/land cover map. Base map of the study area was overlaid on satellite data to delineate various categories of land use/land cover through standard visual image interpretation method based on photo recognition elements such as tone, texture, size, shape, pattern, association and field knowledge. Various land use/land categories were delineated on the basis of 
Where, N u = number of stream segments present in the given order, N u?1 = number of segments of the next higher order
Where, L u = total stream length of all orders (km), A = area of the basin (km
Where, A u = area of the basin (km Land use/land cover mapping was carried out at subwatershed level using IRS LISSIII data. Ground features were identified on the basis of reflectance recorded by the sensor and converted into digital values which are classified by supervised classification method. In Dangri watershed, four land use/land cover classes were identified, i.e., waterbody, agriculture, forest and open land using unsupervised classification. Figure 3 shows the land use/land cover map.
Prioritization
Then prioritization was done on the basis of synthetic unit hydrograph parameters, morphometric parameters and land use land cover analysis. After assigning ranking based on every single parameter, the rated values for each watershed were averaged to arrive at an average value, C r . Based on the average value of these parameters, the watershed having the least value of C r is assigned the highest priority denoted by 1, the watershed with the next highest value of composite rating is assigned a priority denoted by number 2 and so on. The sub-watershed that got the highest value of C r is assigned the last priority number. In synthetic hydrograph more value of lag time (t p ) and width of hydrograph (W 50 ) can be considered as negative means more prone to erosion and more value of peak flow means less prone to erosion. The morphometric parameters, i.e., drainage density, stream frequency, bifurcation ratio, texture ratio, length of overland flow, form factor, circularity ratio, elongation ratio, basin shape and compactness coefficient are also termed as erosion risk assessment parameters and have been used for prioritizing sub-watersheds (Biswas et al. 1999) . Hence, ranking of priority/rank based on highest value in case of linear parameters and lowest value in case of shape parameters. For prioritization of sub-watersheds, in case of linear parameters, the highest value was given a rating of 1, the next higher value was given a rating of 2 and so on. Whereas for the shape parameters, the lowest value was given a rating of 1, the next lower value was given rating of 2 and so on. In land use/land cover analysis, high priority has been assigned to the sub-watershed having a higher percentage of open land or lower percentage of cultivated land and forest cover, whereas low priority has been given to the watershed which has higher percentage of cultivated land and forest cover or lower percentage of open land.
Result and discussion
This section of the paper presents the results obtained during the study along with discussion wherever required.
Snyder's synthetic unit hydrograph
The values of lag time of sub-watershed are presented in Table 4 . The SW1 has maximum value of t p = 9.33, while SW3 has a minimum value of t p = 0.30. The W 50 values of sub-watersheds are presented in Table 3 . The SW1 has a maximum value of W 50 = 41.63, while SW3 has a minimum value of W 50 = 28.30.
Legen
Class_name waterbod open Fores Agri Fig. 3 Land use/land cover map of sub-watersheds Table 4 . The sub-watershed has maximum (T = 2.49), while sub-watershed 2 has minimum T (T = 0.88) values. The values of the linear parameters for the six sub-watersheds are presented in Table 5 .
*Bifurcation ratio (R b ), drainage density (D d ), stream frequency (D f ), texture ratio (T).
Shape parameters
Shape parameters consist of form factor, circulatory ratio, elongation ratio and compactness coefficient.
The sub-watershed 6 has a maximum value (R f = 1.66), while sub-watershed 1 has minimum value (R f = 0.07). A low value of farm factor (R f ) indicates elongated shape of the sub-watershed. The elongated basin with farm factor Table 5 Sub-watershed wise computed morphometric parameter of study area indicates that the sub-watersheds will have flatter peaks for longer duration. The circulatory ratio (R c ) is influenced by the length and the frequency of the stream, geological structure, vegetation cover, climatic, relief and slope of the basin. The values of circulatory ratio of all sub-watersheds are presented in the Table 4 . The sub-watershed 5 has a maximum value (R c = 0.45), while sub-watershed 1 has a minimum value (R c = 0.29). The sub-watershed 5 has a maximum value of R e = 1.69, while sub-watershed 1 has a minimum value of Re (R e = 0.30). The elongation ratio value range of sub-watersheds shows that these subwatersheds are elongated in shape. A circular basin is the most susceptible from a drainage point of view, because it will yield the shortest time of concentration before peak flow occurs in the basin (NookaRatnam et al. 2005) . Values of compactness constant of five sub-watershed are presented in the Table 4 . The sub-watershed 1 has a maximum value (C c = 1.85), while sub-watershed 4 has a minimum value (C c = 1.32). The values of shape parameters for six sub-watersheds are presented in Table 5 . *Form factor (R f) , circulatory ratio (R c ), elongation ratio (R e ), compactness coefficient (C c ).
Land use/land cover method Cultivated land may be defined as land used for farming. The total cultivated area of the water shed is 28,215,227.2 Km 2 , i.e., 24.7 %. The maximum cultivated area is SW1 = 44.8 %, whereas the minimum cultivated area is SW1 = 5.70. The sub-watershed with lower percentage of cultivated land has been given higher priority, whereas subwatershed having higher percentage of cultivated land is assigned lower priority. The total forest area of the watershed is 41,299,927.32 km 2 = 36.2 %. The maximum forest area is SW5 = 53.05, whereas minimum forest area is SW6 = 19.40. The sub-watershed with lower percentage of forest land has been given higher priority, whereas subwatershed having higher percentage of forest land is assigned lower priority. Open land is the land that is The maximum open land is SW6 = 18.6, whereas minimum open land is SW2 = 10.1. The sub-watershed with lower percentage of waste land has been given higher priority, whereas sub-watershed having higher percentage of waste land is assigned lower priority. Values of land use/land cover factors for six sub-watersheds are presented in Table 6 .
Prioritization of sub-watershed on the basis of synthetic hydrograph For prioritization of sub-watershed, viz., lag time, peak flow rate and width of watersheds were considered. As general rule, high priority has been assigned to the subwatershed having higher value of lag time and width of unit hydrograph and lower value of peak flow. The prioritization of sub-watersheds based on synthetic hydrograph is presented in Table 4 . The final priority/ranking was given by classifying the highest and lowest range of C r value into three classes as high (2.3-2.6), medium (3.3-4.0) and low ([4.3) . Hence, on the basis of synthetic hydrograph, SW1 and SW2 have high priority, SW6 and SW5 have medium priority and SW3 and SW4 have low priority.
Prioritization of sub-watersheds on the basis of morphometric analysis
The linear parameters such as drainage density, stream frequency, bifurcation ratio and texture ratio have direct proportional relationship with erodibility whereas shape parameters such as elongation ratio, circulatory ratio, form factor and compactness coefficient have inverse relationship with erodibility (NookaRatnam et al. 2005) . The sub-watersheds were then categorized into three classes as high (2.3-3.00), medium (3.25-3.75) and low (4.12-4.62) priority. Hence, on the basis of morphometric parameters, SW1 and SW2 have high priority, SW4 and SW5 have medium priority and SW3 and SW6 have low priority. The prioritization of sub-watersheds based on morphometric analysis is presented in Table 5 .
Prioritization of sub-watershed on the basis of land use/ land cover analysis For prioritization of sub-watershed, viz., cultivated land, forest cover and open land were considered. The prioritization of sub-watershed based on land use/land cover analysis is presented in Table 6 . SW1 normally shows high priority based on all the three methods, and SW2 shows high-low priority based on two methods, i.e., (morphometric analysis and synthetic hydrograph). However, SW2 from LU/LC showed medium priority and SW3 showed low-high priority from morphometric analysis and synthetic hydrographs, but from LU/LC showed medium priority. SW4 normally shows low-high priority from synthetic unit hydrograph and LU/ LC, but from morphometric analysis shows medium priority. SW5 normally shows medium-low priority from morphometric analysis and synthetic hydrograph, but from LU/LC it shows low priority. SW6 has little and no correlation. SW1 and SW2 watersheds have high priority and have been taken up for soil and water conservation measures. Figure 4 and Table 7 show the comparison of priorities obtained from all the three methods.
Conclusion
Prioritization is considered to be one of the key factors for rapid development and management of watersheds. SW1 has been found to have high priority, i.e., highly soil eroded watershed which has been estimated from all the three methods. So, it will need early attention of soil and water conservation measures. The present study demonstrates the utility of synthetic hydrograph as one of the useful techniques for prioritization of sub-watersheds, which requires least data and effort as compared to the other two methods, i.e., morphometric analysis and land use/land cover analysis.
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